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Abstract 


Layered rare eaith manganites La 2 - 2 xRi+ 2 xMn 207 (R = Ca,Sr,Ba) , members 
of Ruddelsden- Popper series having general formula An+iBnOsn+i (n = 2) have 
attracted great attention because of their applications as magnetic sensors and 
memory storage devices and the basic physics involved in understanding of their 
magnetic and electronic properties. This wide range of applications is attributed to 
their large magneto resistance. For application point of view, the interest is to 
achieve large MR ratio at low field and at high temperature. Magnetism, transport 
and magneto-transport in layered manganites are explained by and large within the 
framework of Zener’s double exchange model. In this model, concentration of 
Mn^’*’ and Mn'^'^ play a crucial role in double exchange ferromagnetic interaction. It 
is realized that substitution of other 3d and 4d elements having itinerant electrons 
enhances the MR ratio at low magnetic field and high temperature. In our work Mn 
site is partially substituted by Ru, which has itinerant electron and extended d- 
orbital. In the work presented here, we have prepared bulk samples and thin films 
of Ru doped system Lai 2 Sri 8 Mn 2 .xRux 07 with 0 < x < 0.2. The series of 
compounds is found to be ciystallme m tetragonal phase with lattice parameters 
increasing with Ru content up to a critical concentration x = 0.15. Ru up to 10% 
doping enhances the Curie temperature Tc by 55K and metal -insulator transition 
temperature T? by ISK.This increased metal - insulator temperature and Curie 
temperature indicates that double exchange interaction enhances with iicreasmg 
Ru content. In addition, no significant change in magnetoresistance (MR) is 
observed. At low temperatures (T < 50 K) magnetization is dominated by the spin 
wave excitation vtith a T^ dependence, for x < 0.15 and a T^'^ dependence is 
reported for x > 0. 15. 
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Introduction 


Chapter 1 


Rare Earth Manganites, which are known to exhibit “colossal” 
magneto-resistance, are widely studied over the last decade [1-5]. The 
interest stems from their potential technological applications in magnetic 
memory devices and magnetic sensor, and the fascinating physics involved. 
Colossal magneto-resistance (CMR) is a phenomenon involving large 
change in electrical resistance of the material when placed in a magnetic 
field. Perovskite oxides are of particular interest among this family, (namely, 
rare earth manganites) exhibiting CMR as well as ferromagnetic to 
paramagnetic transition. For viable applications, great improvements are 
needed in both the sensitivity and temperature dependence of the 
magnetoresistive response of materials. Towards this direction research is 
going on to explore materials, which show CMR effect at room temperature 
and at low magnetic fields. Apart from the CMR effect, the manganite 
family exhibits other interesting characteristics like electron-lattice or Jahn- 
Teller interaction, spin and cluster glass behavior, tuimeling and powder 
magneto-resistance, and charge ordering. 

The studies on manganites have started five decades ago by Jonker 
and van Santen [6,7]. They reported the existence of ferromagnetism in the 
mixed crystals of LaMnOs-CaMnOs, LaMnOs - BaMnOs, and LaMnOs - 
SrMhOs. Searle and Wang [8,9], Morrish and coworkers [10] and Leung et 
al. [11] carried out extensive investigations later on flux-grown single 
crystals of Lai.xPbxMnOs with 0.2 < x < 0.44 and found metallic 
conductivity below the Curie temperature, Tc. The interest in manganites 
was revived with the experimental observation of large magneto-resistance 
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(MR) in thin film of Ndo.sPbojMnOs [12], and La2/3Bai/3Mn03[13] 
Lao.6Pbo4Mn03 [14]. MR was foimd to be as high as 60% at magnetic field 
of 5T at room temperature. 

The CMR effect in manganites occurs in a small temperature regime 
near the Curie temperature (Tc), indicating that the electrical transport and 
the spin alignment are closely related. While the manganites are metallic in 
the low temperature regime (T < Tc), they are insulating at temperatures 
higher than Tc. It demonstrates that the transport behavior is driven by 
magnetism. The coexistence of metallic conductivity and ferromagnetic 
coupling in these materials has been explained in terms of the double 
exchange mechanism [15] and electron - phonon (lattice) coupling (strong 
enough to self trap the conduction electrons at high temperatures and to 
cause the localization). In addition to Double exchange and/or electron - 
phonon coupling, spin polarization can also be responsible for the metallic 
ferromagnetic state below Tc[16]. 

1.1 Rare earth manganites 

Rare earth manganites exhibiting CMR belong to the Ruddelsden- 

Popper series of general formula An+iBn03n+i(n = 1,2, oo) , where A and 

B stand for rare earth elements La or Nd and Mn, respectively [17]. A 
typical CMR compound can be derived from the parent compound LaMn03 
having a perovskite structure (Fig. 1.1). The mixed valence oxides Lai. 
xRxMn03 can be regarded as solid solutions of LaMn03 and RMn03 , where 
R is a divalent ion as calcium (Ca), strontium (Sr), or Barium (Ba). These 
manganites of structural formula Ai.xRxMn03 and perovskite structure with 
MnOe octahedra are stable only if the Goldschmidtt tolerance factor 
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Fig.1.1: Perovskite structure 

t = (rA+ To )/ V2( iB + ro) (t >0.8), where Ta, Tb and ro are the radii of the rare 
earth element, manganese and oxygen ions, respectively. Up to finite 
substitution, charge balance is maintained by a fraction (x) of manganese 
ions assuming a tetravalent, Mn"*"^ (d^) state. Each of the end members 
AMnOs and RMnOa is both antiferromagnetic and insulator [18]. The 
antiferromagnetic ordering is of A-type where ferromagnetically aligned 
layers are coupled antiferromagnetically. The insulating nature of parent 
compounds as well as the anisotropic magnetic interaction are related to 
their structure, in particular Jahn-Teller distortion around the Mn^"^ {t 2 g Qg) 
ion. Apart from this, the ferromagnetic coupling is strongly enhanced when 
the eg electron spin is parallel to the three spin - aligned t 2 g electrons, which 
helps to overcome the antiferromagnetic coupling. 

In LaMnOs, manganese ions are in Mn state. The five-fold 
degeneracy of 3d-orbital in MnOe octahedra splits into a two fold degenerate 
eg and a three fold t 2 g orbitals due to the crystal field of the O ' ions. The 
ideal cubic perovskite structure is, however, distorted by cation size 
mismatch and the Jahn-Teller effect. The distorted structures are frequently 
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display orthorhombic unit cells. The Jahn-Teller effect distorts the MnOe 
octahedra in such a way that there are long and short Mn-0 bonds and Mn- 
0-Mn bond angle deviates from 180°. This causes a split in the Cg band 
(which forms the conduction band) of Mn^^ ions, creates a gap at the Fermi 
level and, makes the material insulating [19]. Schematic band diagram of 
LaMnOs is shown in Fig 1.2. The electronic structure (t 2 g Cg ) describes the 
A-type antiferromagnetism via anisotropic exchange coupling. 

On substituting a divalent ion at La-site, these materials display 
transition from a high temperature paramagnetic insulator to low 
temperature ferromagnetic metal with a well defined Curie temperature and 
metal-insulator transition temperature at a fixed x. The simultaneous 
observation of metallic (transport) and ferromagnetism (magnetic behavior) 
in manganites is explained by Zener’s ‘double exchange mechanism’ [15]. 
The magnetic phase diagrams are derived on the basis of magnetic and 
transport studies of Lal.xCaxMnOs [2] (0 < x < 1) (Fig 1.3) and Lai. 
xSrxMnOs (0 < x < 0.6) [3]. The relative fraction of the double exchange and 
the super exchange interactions (discussed in section 1.2) control the 
distribution between the ferromagnetic and the antiferromagnetic phases. 
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Fig-L3 The electronic phase diagram of Lai.xCaxMnOa . 



1.2 Mechanisms of transport and magnetic behavior 

The experimental observations of high electrical conductivity and 
strong ferromagnetism in manganites of composition Lai.xRxMnOs with R = Ca, 
Sr or Ba in the range 0.2 < x < 0.4 were first explained by Zener [15]. 
Accordingly, when some of La^"^ ions are replaced by, say, divalent ions, it is 
necessary that a corresponding number of Mn^^ ions be oxidized to Mn'^’^ions to 
maintain the charge neutrality. In compliance with Hund’s rule, each 
manganese ion is in its electronic configuration of highest multiplicity, i.e., 
Mn^"*" as t 2 g^eg' (s=2) and Mn'*'^ as t 2 g^eg° (s=3/2). The effective migration ofMn'^'^ 
ions, occurring by transfer of an electron from the neighboring Mn ion, gives 
rise to high electrical conductivity. Such an electron transfer can be understood 
by considering the perovskite crystal structure in which 0 ' ion lies in between 
two manganese ions. Now the transfer of an electron occurs from the Mn^"^ ion 
to the central 0“' ion, simultaneously with the transfer of an electron from the 

Ai ^ ^ I 

central O ' ion to the adjacent Mn ion. Then Mn -O ' -Mn state changes to 
Mn‘^TO^’-Mn^^ state. Such a transfer is termed as a double exchange (Fig. 1.4). 
The t 2 g electrons of the Mn ion are localized but eg electron, which is 
hybridized with oxygen 2p - state, can be localized or itinerant. The lowest 
energy of the Mn^^-O^’-Mn'*^ system corresponds to a parallel alignment of the 
3d shell electron spins of the Mn"^^ and Mn'^’^ ions. The system is inherently 
degenerate owing to the presence of Mn^'*' and Mn'*’^ ions. The resulting double 
exchange of electron through the oxygen ion makes an indirect coupling and 
lowers the energy of the system with a ferromagnetic alignment of spins: thus 
the mechanism which is responsible for enhanced electrical conductivity also 
ensures a coupling leading to strong ferromagnetism. 
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Fig.1.4 : A schematic lepresentation of the double exchange interaction. 





Apart from the double exchange, a cation-anion-cation super- 
exchange interaction may also exist in manganites. The sign of the super- 
exchange interaction is predicted by the Goodenough-Kanamori-Anderson 
(GKA) rule [20-22]. Accordingly, while similar ions couple 
antiferromagnetically, different ions couple ferromagnetically. Therefore, in 
manganites Mn^^ - O^' - Mn^^ and Mn"^^ - O^" - Mn"^^ couplings should be 
antiferromagnetic in nature. The Hamiltonian for the super- exchange 
interaction is given by, 


H = -JijS..Sj 

where Jy stands for the effective exchange integral between atoms i and j 
having total spins S, and Sj and is given by 

J„ = 2b,jVUij 

where U,j is the Coulomb repulsive energy and by is the transfer integral. 
The super-exchange energy is expressed as 

E, « - (b^j/Uy) cosOy 

where 9y is the angle between the i'*’ and j'*’ spins. This antiferromagnetic 
interaction competes with the ferromagnetic double exchange interaction 
and determines the magnetic phase of mixed valent manganites. In addition 
to GKA rules, the origin of ferromagnetism of the 3d and 4d metal based 
perovskites is found to be intrinsically related to the higher oxidation state of 
transition metal (TM) in SrRuOs, SrCoOs and CaFe 03 with a charge transfer 
gap [23]. In compound having a charge transfer gap, the lowest excited stdte 
corresponds to the electron transfer between TM ion and oxygen. An 
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exchange interaction between oxygen and TM spins would be much stronger 
than the between TM ion alone (Jtm-o ~ , whereas JTM-TM~t% / I A I ^ , 

where tpd is a hybridization matrix element between TM-d and oxygen p- 
orbital). This gives strong tendency to the total ferromagnetic alignment of 
TM spins, irrespective of the sign of Jtm-o. Therefore, superexchange 
ferromagnetic interaction are observed in Ru'^'^ - O - Ru'^'^ ,Co‘^'^ -O - 
andFe^'^-0-Fe'"^[24]. 

The magnetic heterogeneity could arise due to the partial substitution 
of lanthanum and/or manganese by suitable species in the ferromagnetic Lai. 
xAxMnOs. In such cases, isolated ferromagnetic clusters may appear and, if 
the clusters are non-interacting, super paramagnetic phase may result [25], If 
clusters interact with each other and have opposite spin alignment, a cluster- 
spin glass phase emerges with the net magnetization zero. There is little 
experimental evidence for the existence of the spin glass phase in 
manganites [26-28]. 

According to Nagaev [29], at relatively small carrier densities, if the 
highly conducting ferromagnetic regions are frozen as droplets inside the 
insulating antiferromagnetic host, the crystal as a whole continues to be an 
antiferromagnetic insulator at OK. As the carrier density increases, the 
volume of the ferromagnetic phase increases and the droplets begin to make 
contact with each other forming percolative conductive paths. Further 
increase in carrier density leaves antiferromagnetic droplets dispersed / 
embedded inside the ferromagnetic host. 

The parent compound, LaMnOs, exhibiting a distorted cubic 
perovskite structure is an antiferromagnetic insulator [19], With bivalent ion 
substitution at the La-site, the Mn - 0 -Mn distance increases and the crystal 
structure approaches cubic symmetry for x ~ 0.3 with linear Mn - O - Mn 
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angle as ~ 180°, leading to an increase in the electron bandwidth. In 
addition, substitution may also induce a decrease in the electron correlation 
energy and, in turn, reduce the charge transfer gap (A), giving rise to 
metallic conduction [30]. With in the framework of Zener’s double exchange 
model, transport properties correlate with the magnetic behavior. Zener 
further established a quantitative relation between the electrical conductivity 
(ct) and ferromagnetism. Accordingly (a) at a temperature T is given by 

CT = (xeVah)(Tc/T) 

where ‘x’ is the fraction of the Mn'^'^ ions, a is the lattice parameter (or Mn^"^ 
- Mn'^'^ separation), h is planck’s constant and Tc is the Curie temperature. 

Minis, Littlewood and Shraiman [31] have later on shown that double 
exchange interaction alone cannot completely account for the electrical 
resistivity data. They proposed that in addition to double exchange, a strong 
electron-phonon coupling arising from the Jahn-Teller distortion of the Mn^"^ 
ions, called as Jahn-Teller polaronic effect, plays a. crucial role. It, however, 
dominates at high temperature (T > Tc) and leads to magnetically disordered 
regime. The crossover occurs as the temperature is decreased and a metallic 
ferromagnetic ordered regime emerges. For this description to be valid, the 
root mean square displacement of oxygen ions should be large for T > Tc 
and small for T < Tc. Contrary to the Jahn-Tellar polaron, the eg carriers can 
be trapped by spin disorder scattering due to the local deviation of the 
collinear ferromagnetic ordering, resulting in the formation of the magnetic 
polaron in the vicinity of Tc [32,33]. Indeed, extensive theoretical studies 
have demonstrated that the magnetic polaron formation plays a crucial role 
in the paramagnetic state of the manganites [34,35]. Below Tc, magnetic 
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order destroys the polaron and p rapidly drops with decreasing temperature. 
The low temperature regime of the resistivity peak corresponds to the 
metallic conductivity, and the high temperature regime to the 
semiconducting / insulating state. The temperature corresponding to the 
maximum resistivity peak in the mixed valent manganites is commonly 
referred to as metal-to-insulator transition temperature, T? and lies in the 
vicinity of the ferromagnetic-to-paramagnetic transition. The conduction 
mechanism in the paramagnetic state still remains an unresolved issue. 

Viret, Ranno and Coey [36] measured electrical resistivity vs 
temperature characteristics of a wide range of manganite samples exhibiting 
metal- insulator transition and found data to follow a law above Tc- 
They proposed that Cg electrons are localized by the random spin dependent 
potential (having a magnetic origin) and conduction is by variable range 
hopping (VRH) mechanism, assited by phonons. The resistivity (p) is given 
by [37] 


ln(p/p„) = (T„/T)'''' 

where poo depends on the phonon density and the characteristic temperature 
To ( = 18aVkN(E)) depends on the localization length (1/a) of the electrons 
and the density of states N(E). Under an external magnetic field, the 
magnetic ordering is enhanced and the electrical resistivity decreases. The 
field is most effective near Tc, where the magnetic susceptibility assumes a 
maximum value. The large change in the resistance in the presence of an 
applied magnetic field is known as Colossal Magneto Resistance (CMR). 
The CMR ratio is defined either as [(ph - Po) / Po x 100] or [(ph - Po)/ Ph x 
100], where pn and po are the resistivity of the material in the presence and 
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absence of an applied magnetic field, respectively. The main feature of the 
CMR effect is to show maximum resistance at temperatures close to Tc- 
Near Tc, electron spins of Mn^'^/Mn'^^ ions get aligned by an applied 
magnetic field, thereby increasing the hopping probability via double 
exchange interaction [38]. In addition, the electron-polaron coupling 
becomes weaker and, in turn, increases the metallic conductivity further 
[39]. Analysis of the temperature and field dependence of the resistivity 
leads to a conclusion that resistivity depends only on the magnetization M, 
irrespective of whether the value is achieved by the application of a 
magnetic field or variation of temperature. As a result, the CMR ratio at a 
relatively small magnetization values is given by [2], 

(Ph-Po)/Ph = -C(x)(M/M,)" 

where ‘x’ is the no. density of Mn"** ions (or hole carrier density), M, is the 
saturation magnetization and C is the Scaling constant. The value of C is ~ 4 
in the vicinity of the metal - insulator boundary (i.e, x ~ 0.17) but decreases 
to ~ 1 for X ~ 0.4, Obviously, decrease in C with an increase in ‘x’ leads to 
an overall increase of (Ph-Po) / Ph ratio. Random distribution of spin 
directions is suppressed, decreasing thereby the average magnetic potential 
by the applied magnetic field or by the existing strong internal molecular 
field. As a consequence, the resistivity behavior of manganites with respect 
to an applied magnetic field and temperature can be tuned by suitably 
substituting ions at lanthanum and manganese sites [40,41]. This is due to 
the fact that the exchange interactions are sensitive to the average ionic 
radius of A-site and B-site cations as well as to the eg and t 2 g parentage of the 
doping elements at the B-site. 


13 



1.3 Two-dimensional (2D) layered manganites 

The perovskite type structure (La, A)Mn03 can be modified into layered 
structure by inserting a rock salt type layer (La,A)202 in between Mn02 — sheets 
along c — axis which decouples the layers electrically and magnetically. 
Schematic structure of layered (n = 2) manganite is shown in Fig 1.5. 
Manganites with n = 1 , La2.xAxMn04, with a layered structure are found to be 2- 
dimensional (2D) antiferromagnetic, i.e., single layer compound is not metallic 
or ferromagnetic [42], while double layer (n = 2) compound (La,A)3Mn207 is 
found to be a ferromagnetic metal below Tc and exhibits large negative 
magnetoresistance [43]. In the regime, where the single layer(n=l) compound is 
insulating and the n = co compound is metallic, the double layer has an 
intermediate behavior, with insulating properties above critical temperature and 
metallic below. With increasing n, however, the electronic and magnetic 
properties approach those of the n = co compound. Inelastic neutron diffraction 
studies of the bilayered compound, reveal that the effective magnetic exchange 
energy between adjacent Mn ions in the (a-b) plane (in-plane) is Jab= 10.3 ± 0.2 
meV, which is approximately four times larger to that along c-axis (out of 
plane) of the bilayer, Jc= 2.5 ± 0.25 meV [44]. Due to the anisotropic exchange 
interaction, the resistivity along c-axis is about two orders of magnitude greater 
than that in the (a-b) plane [45]. The strong ferromagnetic interaction has been 
explained by and large within the framework of Zener’s double exchange 
model. The ferro - para transition temperature Tc and metal — insulator 
transition temperature Tp for 2D layered manganite are lower than that of the 
3D manganites. 
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A (La, Sr) 

B(Mn) 

C(0) 


Fig.l-5: Crystal structure of double perovskite (La,Sr) 3 Mn 207 
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Also, the metal-insulator and magnetic transition temperatures are much 
different in 2D manganites in contrast to 3D manganites, where the magnetic 
and metal-insulator transition temperatures are nearly the same. Thus, 
transition temperatures (Tc and Tp) and the value of MR can be tuned in 2D 
layered manganites by substituting ions suitably at La and Mn sites. This is 
due to the fact that the exchange interactions are sensitive to Mn-O-Mn bond 
angle and Mn-0 bond lengths. 

Battle et al [46] have used neutron diffraction and synchrotron x- ray 
powder diffraction techniques to refine the magnetic and crystal structure of 
LaSr2Mn207. Asano et al [47] have reported that La2.2xCai+2xMn207 system 
shows two types of ferromagnetic ordering for (0.22 < x < 0.50). Moritomo 
et al [43] have studied the electronic and magnetic properties of the layered 
compound Lai.2Sri 8Mn207 and observed very large MR as compared to that 
of 3D, Lai.xRxMn03 systems. The reduced dimensionality of the Mn-0 
network appears to dramatically enhance the MR effect. The enhanced MR 
is attained at the cost of reduced Tc- So, this trade-off relation between 
attaining higher Tc and lowering operating field might pose an obstacle to 
the development of technologically useful materials based on the layered 
perovskites. 

Recent studies on substituted layered manganites La2.2xRi.+2xMn207 
have shown interesting magnetic and transport properties [48,49,50]. 
Accordingly, no significant change occurs in magneto-resistance values on 
substitution at the manganese site, suggesting thereby that these systems are 
more accommodative to substitutional species than the 3 -dimensional 
perovskites. 
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1.4 Effect of partial substitution of manganese in mangnites 

Partial substitution of lanthanum in 3D or 2D layered manganites is 
important as it affects the bandwidth and influences colossal magneto 
resistance ratio. Similarly, partial substitution of Mn is believed to be 
detrimental for the electronic conduction mechanism. And controls the inter- 
and intra- bilayer magnetic coupling. This is illustrated below by taking 
some examples of Mn substitution in the rare earth manganites: 

a. Chromium substitution 

Cabeza et. al. [51] have studied LaojCaojMhi.xCrxOs to understand 
the effect of Cr (t 2 g eg ) substitution, which has comparable ionic size and 
vacant eg configuration of Mn'^'^ (t 2 g^eg°). Here, both double exchange (DE) 
and super exchange (SE) mechanisms are prevalent with the former playing 
a greater role up to 20% substitution. For x > 0.2, a decoupling of the 
ferromagnetic ordering and metal-insulator transitions are observed. 
According to Gundakaram et. al. [52], the magnetic interactions between the 
chromium ions and adjacent manganese ions in LaMhi-xCrxOs get mediated 
via the superexchange rather than the double-exchange interactions. In 
layered manganite Lai. 2 Ai. 8 Mn 2 -xCrx 07 , Curie temperature Tc is found to 
increase slightly and then decreases with increase of chromium content (x). 
Also,the transport behavior reveals suppression of charge carrier itinerancy 
due to induced charge localization with increase in x. The transition from the 
ferromagnetic to a spin-glass-like state causes the magnetization to drop, 
along with simultaneous increase in electrical resistivity. 



b. Iron substitution 

Righi et. al. [53] found that 5% Fe-substitution of manganese in 

\ 

LaoTCaosMnOs decreases the Tc by 50K and reduces the average magnetic 
moment measured at field of IT by 10-15%. Pissas and coworkers [54] 
studied Lao. 75 Cao 25 Mno 8 Feo. 2 O 3 compound by Mossbauer spectroscopy and 
gathered evidence for the existence of ferromagnetic clusters with a size 
distribution. Ahn and coworkers [55] observed that the replacement of 
manganese by iron favors an insulating character and antiferromagnetism by 
opposing the effects of double exchange. Also, the electron hopping between 
Fe and Mn is impaired by the lack of available states in the Fe egt band. The 
only vacant states available are in the Fe t 2 g 4 , band, lying 2 eV above the Fe 
egt band. This clearly indicates that electron hopping from Mn to Fe is 
energetically forbidden even at room temperature. Consequently, only the 
Mn egt band is electronically active, where electron hopping can occur 
between Mn^"^ and Mn'^’^ ions. Since Fe^"^ replaces Mn^"^, a depletion in the 
Mn^"^ / Mn"^”^ ratio occurs, thereby reducing both the population of the 
hopping electrons and the number of available hopping sites. This amounts 
to the suppression of double exchange interaction and correspondingly 
weakening of ferromagnetism and metallic conduction. Cai and coworkers 
[56] have examined the samples of Lao 67 Cao. 33 Mno 9 Feo. 1 O 3 and provided 
evidence for the existence of spin glass phase (i.e., comparison of 
ferromagnetic and antiferromagnetic clusters) in them. Ogale et.aL[51'\ have 
studied the dependence of Fe - concentration on the properties of 
Lao. 75 Cao. 25 MIni.xFex 03 compounds and discovered a marked decrease in Tc 
at X = 0.04. Hasanain et.al [58] have investigated LaoesCaossMhi-xFexOs 
compounds and found increased spin disorder and decrease Tc with in 


creasing iron content. The resistivity data above Tp fits well with a variable 
range-hopping model. The rapid changes occur in Tc, magnetic moment and 
magnetoresistence at about 4 to 5 % Fe content. The maximum value of 
mangentoresistence is reported to increase consistently with ‘x’ and 
increases up to 400% for 8% iron. The results on the magnetic and transport 
properties of Laj^Sri 8 Mn 2 -xFex 07 clearly indicate that the partial 
replacement of Mn by Fe ions interrupts the path of double-exchange 
interaction and destroys the ferromagnetic metallic state for x < 0.05. 

c. Titanium substitution 

Studies by Liu et al [59] on Lao. 7 CaojMni_^Ti ^03 indicates that Ti'^'^ 
substitution not only creates the ferromagnetic (FM) clusters but also 
weakens the spin coupling between them. These variations lead to the overall 
decrease of the magnetization and widening of the paramagnetic- 
ferromagnetic transition zone. Above 10% doping, the size of the FM 
clusters is so small that there exists nearly no interaction between them and 
the compound exhibits an insulating behavior. Ti'^'^ reduces the hole carrier 
density and enhances the localization of the p - holes and CMR effect. 
Sahana and coworkers [60] have carried out a thorough study of 
Lao 6 Pbo 4 Mno eTio 4 O 3 by measuring AC magnetic susceptibility and 
relaxation of remanent magnetization, and provided evidence for the cluster 
glass formation. The magnetic and transport properties of layered manganite 
Lai. 4 Sri 6 Mn 2 .xTix 07 shows disappearance of magnetic ordering in MnO 
layers. Also, titanium substitution suppresses the short range 2D FM 
ordering and increases greatly the density of localized states. This means 
that the phase of titanium limits the electron transfer through the Mn^'*'- O^' - 
Mn'^’^ network. 
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d. Ruthenium substitution 

Manoharan et. al [14] have reported that in Lao.ySrojMni.xRuxOs 
compounds, Ru forms mixed valence states and up to 30 % of Mn ions can 
be substituted by Ru with no change in crystal symmetry and with very little 
influence on the ferromagnetic ordering. Ranjan et al [61] have 
demonstrated the magnetic pair making effect between Ru and Mn ions in a 
variety of systems LaoTAosMnogRuo.iOs (A = Ca, Pb, Sr, Ba) and showed 
variation in Tc only by 10-3 OK. The aptitude of ruthenium for promoting a 
FM metallic state is explained on the basis of presence of both Ru^"^ and 
Ru'^'^ ions which are iso-electronic to Mn'^'^ and Mn^"^ ions, respectively [62- 
64]. The marginal decrease in Tc and Tp was attributed to the redox pair 
between Mn and Ru involving Ru'^’^ / Ru^"^ and Mn^'*’ / Mn'^'^. Vanitha et al. 
[65] demonstrated influence of Ru substitution in removing charge ordering 
in Ndo.sCao sMnOs system. Recently, it is observed that Ru enhances the 
Curie temperature (ATc ~ 15K) and the metal-insulator transition 
temperature (ATp ~ 15K) in bilayered manganites, Lai. 2 Cai. 8 Mni.xRux 07 , 
where magnetism is confined to the 2-dimensional Mn-O-Mn structure [66]. 
Besides, mangnetoresistance ratio is found to remain largely unaffected in 
the vicinity of metal to insulator transition by ruthenium insertion. 

1.5 Objective 

Partial substitution of manganese in 2D layered manganites by other 
transition metal ions having itinerant electrons and extended d orbitals could 
affect the magnetic and electronic properties. The objective of the present 
work is to study the influence of partial substitution of manganese by 
ruthenium in polycrystalline layered manganites of the composition 



Lai 2 Sri gMni-xRUxOy (x = 0 to 0.2) on the structure, magnetic' and transport 
properties. 

1.6 Outline of the present work 

1. To prepare Ru substituted Lai^Sri.gMni.xRuxO? sample in bulk. 

2. To Characterize using X-ray diffraction. 

3. To study the magnetic properties in the temperature range of 4.2K to 
300K. 

4. To study the transport and magnetotransport properties using four 
probe resistivity. 

5. To make correlation between transport and magnetic behavior and to 
compare the behavior of these samples with Lai. 2 Cai. 8 Mni.xRux 07 
series. 

6. To fabricate thin fihn of the above sample using pulse laser 
deposition. 
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Experimental 


Chapter 2 


This chapter deals with various experimental aspects, which include 
preparation of layered manganite of composition, Lai. 2 Sri. 8 Mn 2 -xRUx 07 (0:< x< 
0.2) in bulk as well as thin films and their characterization by X-ray 
diffractometer, vibrating sample magnetometer and four probe resistivity. 

2.1 Samples preparation 

Bulk samples of manganites of composition Lai. 2 Sri. 8 Mn 2 -xRUx 07 with x = 
0, 0.1, 0.15 and 0.2 were prepared by conventional solid-state reaction method. 
Stoichiometric amount of commercially available La 203 , SrCOs, Mn02, and 
Ru 02 (manufacturer and purity listed m Table 2.1) were mixed, ground and 
calcined at 1300°C for 24 h. The product was then subjected to grinding. The 
resulting powders were compacted into pellets by an uniaxial hydrostatic press 
capable of exerting pressure of 150 kPa, and sintered in open air at 1400°C for 
24h employing a thermolyene fiimace with capacity of heating up to 1700°C, 
and cooling rate as small as 1 C/min. This process was repeated two times in 
each case. 


Table 2.1 : Ingredients with source and purity 


Materials 

Manufacturer 

Purity (%) 

Lanthanum oxide; (LaiOs) 

Fluka 

99.98 

Stroncium carbonate;(SrC 03 ) 

Fluka 

99.00 

Manganese oxide; (Mn02) 

Fluka 

99.00 

Ruthenium oxide; (RUO 2 ) 

S.D. Fine Chem. 
Ltd. 

99.00 
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Thin fihns of manganite were formed by pulse laser deposition method. Targets 
used were the pellets of size 12 mm diameter and 3 mm thickness produced by 
hydrostatic press, and sintered two times in open air at 1400°C for 24h with 
intermittent grinding and pelletization. Since lattice parameter of CMR 
manganites match well with lanthanum aluminate (LaAlOs), single crystals of 
LaAlOs with orientation (012) were used as substrate for the deposition of thin 
films. KrF eximer laser with wavelength of 248nm was used for the purpose. 
Irradiation of the target was carried out by an intense laser pulse of very short 
duration (20-30nsec) for 20 minutes. Typical energy density used to ablate the 
target can vary from few tens to few hundred milli Joules per imn^. The laser 
beam ablates the target material which, in turn, gets deposited on the substrate 
held at elevated temperature (e.g., 820®C in the present case) as shown in Fig 
(2.1). The substrate was mounted on the flat heater with the help of silver paste 
and the deposition was carried out in oxygen ambient at a pressure of 
400mTorr. 



Fig. 2.1: Pulse laser deposition chamber used for the deposition of thin film of composition 
Lai 2 Sri 8 Mn 2 -xRux 07 . (measured at HFR, Mumbai) 
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2.2 Characterization techniques: 

a) X-ray diffraction (XRD) 

For phase evaluation of various manganite samples. X-ray powder 
diffractometer was used with a Co radiation using Rich-Seifert 
diffractometer. The diffracted beam was received by a detector held at an angle 
of 29 with the transmitted beam (0 being the angle between the sample surface 
and the incident beam). The X-ray tube was operated at SOkVand 20mA 
settings. The scanning range was set in the range 20 - 80®. 

b) Magnetic Measurement 

The magnetic moments of the manganites were measured with a vibrating 
sample magnetometer (VSM), Oxford model 3001. For this, pellets of size 
3 .5mmx3 .5mmxl .3mm were made using a special die. The pellet was mounted 
in the VSM specimen holder at the end of a rigid rod attached to a mechanical 
resonator, which oscillates the sample at a fixed frequency. Surrounding the 
sample is a set of sensing coils. Applied magnetic field magnetizes the sample 
and with its movement, the magnetic moment alters the magnetic flux through 
the coils. This produces an AC voltage, which is amplified and detected using a 
lock- in - amplifier. By suitable processing of the signals, an output exactly 
proportional to the magnetic moment of the sample is obtained. Knowing the 
volume and mass of the sample, magnetization values can be found out. The 
external magnetic field is usually provided by a horizontal electromagnet The 
sensitivity of VSM for the magnetic moment measurement is typically of the 
order of 10"^ emu. The schematic diagram of VSM instrument is shown in Fig 
2.2. The magnetization (M) measurements were carried out in the temperature 
range of 4-300K at a constant magnetic field of 1 Tesla to determine the Curie 
temperature. Also, hysteressis plots were recorded at low temperature (5K). 
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Fig.2.2: Schematic block diagram of vibrating sample magnetometer 








c) Transport property measurement 

The transport behavior (i.e., electrical resistivity) of manganites was 
determined in the temperature range 10-300K by the standard four probe 
method using a liquid Helium cryostat, Oxford model 2053. The four-point 
probe consists of two current carrying and two voltage-measuring probes. 
Rectangular shaped sintered pellets were used for the measurements. Contacts 
were made with copper wires and the silver paste. In all cases, the sample was 
first cooled from 300K to lOK and resistivity was recorded during the heating 
cycle. For the magneto-transport studies, resistivity measurements of the 
samples were measured similarly in the presence of a magnetic field of 7 Tesla. 
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Results and discussion 


Chapter 3 


3.1 Phase evolution 

The X- ray diffraction patterns of bulk samples, Lai. 2 Sri. 8 Mn 2 -xRux 07 
with 0 < X < 0.2 recorded with Co Ka radiation are shown in Figure 3.1. The 20 
values, inter-planar spacing ‘d’ and relative intensities of various diffraction 
peaks with their respective indices are given in Table 3. 1-3.4. All the diffraction 
peaks were indexed on the basis of the Sr 3 Ti 207 - type isomorphous tetragonal 
structure with space group I4/mmm, whose standard crystal data are also 
included in the Tables 3. 1-3.4 for comparison. The indexing of the X-ray 
diffraction pattern of La 1 . 2 Sr 1 . 8 Mn 2 .xRu ^0^ sample with x = 0 suggests the 
tetragonal unit cell parameters as, a = 3.873 ± O.OOlA and c = 20.054 ± O.OOlA. 
These results agree well with the known crystal data of Lai. 2 Sri. 8 Mn 207 ; the 
parameters being a = 3.87A, c = 20.14A for single crystal [43]. The results 
clearly justify the procedure undertaken for the preparation of manganites. XRD 
patterns of ruthenium substituted layered manganites of composition 
Lai. 2 Sri. 8 Mn 2 -xRux 07 with x = 0.0, 0.1, 0.15, 0.2 first show an increase in the 
lattice parameters (values being a = 3.882 ± O.OOlA and c = 20.156 ± O.OOlA 
for X = 0.15) and then decrease for x > 0.15 (Fig. 3.2 and Table 3.5), the cell 
volume increases with increasing ruthenium content up to x = 0. 15 at least. 


Intensity (arb. units) 



2e(degrees) 


Fig 3.1: X-ray diffraction pattern of bulk polycrystalline Lai. 2 Sri, 8 Mn 2 - 
^RuxO 70 (x= 0, 0.1, 0.15, 0.2) samples 



Table 3.1 : 20, inter-planar spacing (d), relative intensity and (hkl) reflections 
of X-ray diffraction peaks of ruthenium substituted manganite, La 1 . 2 Sr 1 . 8 Mn 2 - 

xRUx07 


Standard data 
___S^07 

d(A) 


26.940 


Observed 
x = 0 


d(A) Relative 
intensity 





36.851 


37.964 


43.385 


45.151 


2.329 



114 

43.753 

107 

45.757 


2.402 


2.302 



2.139 

30 

116 

49.944 

2.119 

52.013 

2.039 

10 

0010 

52.974 

2.006 

54.608 

1.949 

50 

200 

55.043 


61.871 

1.739 

2 

211 

62.423 

1.727 


116 


0010 


64.772 


66.198 


67.884 


.693 


1.669 


1.637 


1.602 




































































Table 3.2 : 29, inter-planar spacing (d), relative intensity and (hkl) reflections 
of X-ray diffiaction peaks of ruthenium substituted manganite, La 1 . 2 Sr 1 . 8 Mn 2 - 

xRUxOy 


20 

d(A) 

26.940 

3.839 


36.851 

2.829 

37.964 

2.749 


43.385 


45.151 


46.631 


49.415 


52.013 


54.608 


61.871 


Standard data 
Sr3Ti207 


1(A) Relative 
intensi 


139 10 


2.420 


2.329 


2.259 


2 . 


1.949 


1.739 



27.203 


31.047 


37.466 














62.309 


Observed 
x= 0.1 


d(A) Relative 
intensity 


3.805 



63.787 

1.693 

5 

206 


9 

206 I 

64.772 

1.669 

5 


65.632 

1.652 

7 

1011 i 


66.198 

1.637 

15 

1110 

KrliUMiKggMI 

14 

DIEBi 


1.602 

30 

215 


1.593 

47 

215 


2 

217 

74.119 

1.485 

7 

217 i 


1.446 

2 


77.491 

1.430 

6 

1112 


1.409 

15 


15 










































































Table 3.3 : 26, inter-planar spacing (d), relative intensity and (hkl) reflections 
of X-ray diffiaction peaks of ruthenium substituted manganite, La 1 . 2 Sr 1 . 8 Mn 2 - 
xRUxO? 


Standard data 

Observed 

Sr 3 Ti 207 

x = 0.15 


20 

d(A) 

Relative 

intensity 

hkl 



10 

101 

30.598 

3.389 

10 

006 

36.851 

2.829 

100 

105 

37.964 

2.749 

60 

110 

43.385 

2.420 

5 

114 

45.151 


2 

107 

46.631 

2.259 

2 


49.415 

2.139 

30 

116 

52.013 

2.039 

10 

0010 

54.608 

1.949 

50 

200 

61.871 

1.739 

2 

EDH 

63.787 

1.693 

5 

iBm 

64.772 i 

1.669 

5 

1011 

66.198 

1.637 

15 

1110 

67.884 

WESoM 


215 


Bm 

2 


76.427 

1.446 

2 

1112 


20 

d(A) 

Relative 

intensity 


27.203 

3.805 

11 

10 

30.933 

3.356 

9 



hkl 



78.816 1.409 

15 

2010 


1.397 


14 






























































Table 3.4 : 20 , inter-planar spacing (d), relative intensity and (hkl) reflections 
of X-ray diffraction peaks of ruthenium substituted manganite, La1.2Sr1.8Mn2. 
xRUxOv 
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Fig 3.2 : Variation of lattice parameters ‘a’ and ‘c’ with ruthenium content (x) 


Table 3.5 : Lattice parameters of various manganites Lai. 2 Sri.gMn 2 .xRUx 07 


Composition 

a = b ( A) 

c(A) 

Lai.2Sri.8Mn20x 

3.873 

20.054 

LE| .2Sri ,gMn i .9RU0L1O7 

3.875 

20.102 

Lai.iSri.gMni ssR^olisO? 

3.882 

20.156 

La 1 . 2 Sri .gMrii . 8 RU 0 L 2 C 7 

3.880 

20.139 
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3.2 Magnetic properties 

Fig.3.3a. shows the variation of magnetization as a function of 
temperature for the bulk samples of anisotropic manganites La 1 . 2 Sr 1 . 8 Mn 2 . 
xRux 07 with X = 0.0, 0.1, 0.15, 0.2 at a fixed magnetic field of one Tesla. 
Clearly, the magnetization value decreases continuously with increase in 
temperature up to a point beyond which the change is somewhat abrupt, 
indicating the ferromagnetic to paramagnetic transition. Curie temperature is 
determined by plotting (dM/dT) vs T and identifying temperature for the 
maximum negative value of (dM/dT). This gives the value of the Curie 
temperature as 108K for the parent sample of composition Lai 2 Sri. 8 Mn 207 , 
agreeing well with that reported earlier [43]; the value being Tc = 125K for a 
single crystal. Intending substitution of ruthenium causes enhancement of Curie 
temperature Tc by 55K for x=0.2 (Fig.3.3b) Table 3.6. Similar enhancement in 
Curie temperature Tc was observed earlier in ruthenium containing 
Lai. 2 Cai. 8 Mn 2 .xRux 07 system by 15 K for x = 0.2 [66] and chromium substituted 
polycrystalline Lai. 2 Sri. 8 Mn 2 .xCrx 07 compounds [53] and attributed to an overall 
increase in spin magnetic moment. The increase in spin magnetic moment is due 
to enhanced exchange interaction as substitution of these elements the 
dimensionality increases. 

Fig.3.4a. shows the magnetization as a function of applied magnetic field 
for the series Lai. 2 Cai. 8 Mn 2 .xRux 07 . The estimated saturation magnetic moment 
Ms = 2.63 pb for x = 0, first increases for x = 0.1 and then decreases for x > 0.1 
(Table 3.6 and Fig.3.4b). This is in sharp contrast to other elements as Cr and 
Fe. This suggests that Ru participates in magnetic exchange interaction. 
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Fig.3.4: (a) M vs. H curve for Lai 2 Sri 8 Mn 2 -xRux 07 

(b) Plot of saturation magnetization as a function of Ru content (x) 







3.3 Transport and Magnetotransport Properties 

The effect of ruthenium substitution on the transport properties of 
nianganites Lai. 2 Sri, 8 Mn 2 .xRLt ,(07 is shown in Fig3.5a. The electrical resistivities 
versus temperature plots invariably depict metal to insulator transition at a 
temperature varying with the ruthenium content. The parent compound of 
composition Lai. 2 vSri,gMn 207 exhibits the transition temperature T? as 120K. 
With ruthenium incorporation, Tp initially increases and assumes a value of 
137K for X = 0.15, then decreases for higher mthenium content (i.e., x = 0.2) 
Fig. 3. 5(b). The electrical resistivity plots also show a m inim a in low 
temperature regime (T < 50K) for all the compositions; the overall values, 
however, increase invariably with ruthenium content. 

The above observations clearly demonstrate correspondence between 
metal to insulator and ferro- to para- magnetic transition temperatures in 
ruthenium substituted manganites up to a certain level, i.e., both T? and Tc 
increase with x. However, beyond x=0.15, while Tc further increases up to 
165K, Tp decreases sharply to ~ 102 K. The increase in transition temperatures 
Tc and Tp in layered manganites due to ruthenium insertion is a new result, 
depicting the influence of ruthenium on the magnetic ordering in such a manner 
so as to raise Tc and T? values. This behaviour can be attributed largely to the 
formation of Ru**"^ and Ru^'*' states. X-ray absorption spectra of Lao. 7 Cao. 3 Mn 1 . 
xRuxOs system give a clear signature for variable valency of ruthenium as Ru'^'^/ 
Ru^"^, similar to Mn^V Mn'*^. It is possible to envisage a redox pair such as Mn^"^; 
Ru^^ Mn**^: Ru’*'^, which accounts for the charge neutrality [61]. This is 
critical for the double exchange mediated coupling and initiating formation of a 
magnetic pair Mn/Ru. Here, the itinerant manganese Cg electrons delocalize and 
move to the vacant Cg orbital of Ru^^ ion, causing a strong double exchange 
mediated ferromagnetic Mn-O-Ru coupling. In addition, there exists a super - 
exchange ferromagnetic interaction between similar Ru'*'^ ions (due to the deloc- 
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Resistivlty{ohm-m) 



Ru Content 

Fig. 3.5: (a) Resistivity vs temperature plots for LauSri.gMnz-xRuxO? 
(b) Variation of Tp with Ru content (x). 




Table 3.6 : Saturation magnetization Ms, Curie temperature Tc and Metal- 
insulator transition temperature Tp for the series Lai. 2 Sri 8 Mn 2 .xRUx 07 


Composition 

Ms (pfi/formula 
unit) 

Tc(K) 

Tp(K) 

Lai,2Sri,8Mn207 

l63 ' 

108 

120 

Lai.2Sri.8Mni,9Ruo.i07 

2.85 

116 

127 

Lai . 2 Sr 1 .gMn 1 .hsRuo. 1 5 O 7 

2.48 

135 

137 

La 1 . 2 Sr 1 . 8 Mn 1 . 8 Ruo. 2 O 7 

2.22 

164 

100 


alized t 2 g electrons) and a superexchange anti-ferromagnetic interaction between 
similar Mn"**" ions. With increase of ruthenium substitution, the ferromagnetic to 
anti-ferromagnetic interaction ratio varies and leads to an enhanced Tc and Tp 
up to critical concentration (x = 0.15). For x > 0.15, ruthenium predominantly 
exists in Ru'*’^ state and so reduces both the hole carrier density and the number 
of hoping sites. Therefore, comparing the results of Lai, 2 Sri. 8 Mn 2 .xRUx 07 and 
Lai. 2 Cai. 8 Mn 2 .xRUx 07 [66], we observe a large increase in Tc and Tp of 
Lai. 2 Sri. 8 Mn 2 .xRUx 07 , which can be attributed to the ionic radii of the cation in 
the rock-salt layer. As the ionic radius of Sr (1.26A) is higher than Ca (1.12 A), 
the degree of mixing of the Sr:3s, 0:2p and the Ru:4d orbitals is more in 
Lai. 2 Sri. 8 Mn 2 -xRUx 07 than La,. 2 Cai, 8 Mn 2 .xRUx 07 . Consequently, net transfer of 
electron density between s and d orbital increases. As Ru content in the crystal 
lattice increases, the carrier transfer considerably increases the charge carrier 
density, leading to increase in the Tc and Tp. 
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Fig.3.6 shows the temperature dependence of the resistance of thin film and 
bulk sample of Lai. 2 Sri 8 Mn 2 -xRux 07 (x=0.2). Both the samples correspond to 
semiconducting characteristics beyond a temperature (Tp), the values being 84K 
and 1 lOK for thin film and bulk respectively. Notice that Tp for bulk sample is 
different than 102K reported before m Fig.3.5(b).The variation in Tp could be 
attributed to some unknown parameters or conditions prevailing during sintering 
with different batch of samples. However, below Tp the behaviour is somewhat 
different in the two cases. The resistance of thin film is invariably smaller than 
that of bulk sample. This can be mainly attributed to the texture nature of thin 
film (i.e. preferred orientation of grains, reduction in grain boundaries, bettCT 
continuity etc[67]. 



Fig.3.6. Pots of resistance vs temperature for bulk and thin film for 
composition La1.2Sr1.8Mn1.8Ruo.2O7 


40 




For sake of comparison of the experimental results with the theoretical 
predictions, we plot in Fig. 3.7(a) MR = (Po-Pn) /Po, measured above Tc (T > 
1 .2Tc), against (M/Ms)^ for all the samples. The linear nature of the plots amply 
depict quadratic dependence of MR on the magnetization i.e. (po-pn) /po = C (M 
/ Ms) , where M and Ms are the magnetization and saturation magnetization 
respectively, and C is the temperature independent scaling factor, (related to the 
number of charge carriers ‘n’ per magnetic unit cell as C » n^) [68]. Thie plots 
of Fig. 3.7(a) allow evaluation of C from the slope and, in turn, determine the 
carrier density (n). The values of ‘C’ and ‘n’ are shown in Fig. 3.7(b) as a 
fimction of Ru content. The data reveal an increase in carrier density with 
increasing Ru content beyond x = 0. 1 . This increase in charge carrier density 
induces enhancement of both the Curie temperature and the metal-insulator 
transition temperature. 

In Fig.3.8(a) MR vs (T/Tc) curves are shown for all the samples at 7T. 
These plots display the characteristics of an activated transport of spin 
polarons[68]. For samples with 0 < x ^ 0.2 in the paramagnetic regime (T > Tc), 
p(T) invariably exhibits semiconductor behaviour with a transport mechanism, 
best described by the Mott’s variable range hopping (VRFI) expression p = Poo 
exp[(To/T)''^^] [69]. Such a dependence of p on temperature is compatible with 
the existence of polarons. This is clearly evident in Fig.3.8(b) where Inp shows 
a linear dependence with (1/T)^'^'* for samples having Ru content x=0 and 0.15 at 
zero magnetic field. Furthermore, it can be seen that Inp vs (l/T)^^'^plot obtained 
under a magnetic field of 7T deviates from linearity at low temperatures but 
continues to correspond to (1/T)^'^^ dependence at high temperatures. In fact Inp 
vs (l/T)*^'^ plot shows tendency of attaining saturation as the temperature is 
lowered in presence of magnetic field. Such behaviour corresponds to less 
pronounced activated characteristic, imply thereby that the binding energy of 
polarons gets reduced under the magnetic field (maldng clear the spin nature of 
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tlie polarons). The values of characteristic temperature To found jfrom the slopes 
in the linear regime of Fig. 3.8(b) show a marginal increase with Ru substitution 
(e.g. To =1.3872 x 10^ for x = 0 and To = 2.82802 x 10^ for x = 0.15), suggesting 
tliat Ru maintains the charge carrier density. 

In order to understand the conduction mechanism at T < 50K, the 
resistivity p(T) has been plotted against the temperature in Fig.3.9 (a-d). The 
total electrical resistivity p can be expressed using Matthiessen’s rule as 

p-po+p.^'^+p^r 

where the first term po is the contribution of domain boundaries and other 
temperature independent scattering mechanisms, the second term (piT®'^ ) stands 
for weak localization and electron-electron interaction effects, and the third term 
(P 2 T" ) represents the resistivity due to magnetic scattering; the exponent n has 
been assigned values 3/2 or 4.5 for contribution arising out of electron scattering 
by the spin difiusive modes in ferromagnetic clusters [70] and electron-magnon 
interaction [71] respectively. Schiffer et al. [16] have combined all e-e, electron- 
phonon and electron-magnon scattering contribution in to the third term and 
fitted their experimental resistivity data below 0.5Tc with n= 2.5 as p = po + 
piT^^ for Lai.xCaxMnOs system. Our resistivity data obey equation p = po + 
PiT°’^ + P 2 T" with the value of exponent ‘n’ as 3/2 or 2 depending upon the Ru 
content (Fig. 3.9). The deviation of the p = po + piT ’ equation (which is 
generally used to describe the low temperature conduction mechanism for DE 
mediated ferromagnetic manganites) at T < 50K clearly indicates that the 
magnetic scattering along with e-e interaction and e-phonon interaction is 
predominantly responsible for the resistivity. Also the value of coefficient p 2 
increases continuously with increase in Ru content. The results suggest that the 
spin wave excitation effects increase with Ru insertion and dominate the 
magnetic scattering mechanism below 50K in the 2-D layered manganite. 
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Fig.3.10 shows the temperature dependence of magnetoresistance at a field 
of 7T for Lai. 2 Sri. 8 Mn 2 -xRux 07 samples with x = 0, 0.1, 0.15, and 0.2. An 
external magnetic field increases the magnetization and reduces the spin 
scattering of charge earners. Maximum MR ratio is observed around T? and its 
value is 80%, which is higher than 3D manganites (MR ratio is 60%). This 
enhancement in layered manganites could be due to anisotropic exchange 
interaction caused by the reduced dimensionality (n=2). However, the results on 
Ru doping indicate a strong DE interaction between the Mn and Ru ion due to 
magnetic pair making effect. An important feature, which is note worthy, is the 
10% decrease in MR ratio in vicinity of T? with insertion of Ru in 2D-layered 
manganites. Therefore, there is no significant change in the MR ratio in the 
vicinity of metal-insulator transition temperature. 
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Conclusion 


Chapter 4 


1. A series of nitherdum substituted 2-D manganites namely, La 1 . 2 Sr 1 . 8 Mn 2 - 
xRuxOy with (0 < X < 0.2) has been synthesized both in bulJc and thin film 
form. 

2. The synthesized products correspond to X-ray single phase compounds, 
crystallizing in tetragonal stmcture wi& lattice parameters increasing 
with mthenium contaut up to a critical concentration of x = 0.15. This can 
be attributed to the bigger ionic size of Ru‘*’*'ions than the Mn'^^ 

3. Rutbenium enhances the Curie temperature Tc by 55K and metal- 
insulator transition Tp by 15K for the critical concentration of x=0.2 This 
indicates the enhancement of the anisotropic double exchange interaction 
with increasing rathenium content, caused by increased in the charge 
carrier density. 

4. At temperatures below 50K, magnetization is dominated by the spin wave 
excitation with T^ and T^'^ dependence, for x < 0.15 and x ^ 0.15 
respectively. 

5. Ruthenium substituted manganite Lai 2 Sri. 8 Mn 2 .xRux 07 (0 < x < 0.2) 
depict no significant change in magnetoresistance (MR), yet there is 
appreciable increase in Curie temperature Tq. 

6. Pulse laser deposited thin film of Lai. 2 Sri 8 Mn 1 . 8 Ruo. 2 O 7 exhibit lower 
electrical resistance than the corresponding bulk with metal-insulator 
transition temperature as 84K. 
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